Sunflower (Helianthus annuus L.) is a very important crop for Brazil, and especially for Chapada do Parecis which is the largest domestic producer, because of its climate and soil conditions are adequate to the development of the specie. The performance of cultivars and sunflower seed sowing periods were evaluated in Central Brazil. Experimental design comprised an 8 x 5 factorial randomized complete block, with eight sunflower cultivars (Aguará 06, Aguará 04, MG 305, CF 101, SYN 3950HO, SYN 045, GNZ NEON and HELIO 251) and five decennial seeding periods, with three replicates. Analysis of variance and Scott-Knott´s test (p<0.05) were applied. Cultivars GNZ NEON and SYN 045 provide the highest production rates in achenes, with higher value in favor of GNZ NEON. SYN 3950HO (this with higher value), CF101, MG 305, SYN 045 and Aguará 04 gets the highest oil rates in the achenes, with SYN 045, GNZ NEON, Aguará 04, CF101 and SYN 3950HO with the highest oil production. The first seed sowing period is the most productive and the first and fifth periods have the best results for oil productivity. Cultivar GNZ NEON and the first period exceede the others with regard to vegetative and reproductive variables.
INTRODUCTION
The cultivation of sunflower (Helianthus annuus L.) has been in the limelight due to its agronomic characteristics and to the possibility of being included in crop rotation systems. According to the Report of Agricultural Production, Russia and the Ukraine are the main world producers, featuring 50% of world production (United States Departament of Agriculture -USDA, 2015) . Sunflower production is not only on the increase in Brazil due to increasing industrial demands but it is actually an important economical alternative for other grain crops and in the composition of different production systems. The 2015 sunflower harvest in Brazil was small when compared to world production, with only 0.45% (Usda, 2015) . A forecast for Brazilian production was 150,500 tons in an area of 109.4 thousand ha. The state of Mato Grosso, Brazil, produced 77% of national production, within an area of 86,400 ha, with mean productivity of 1,348 kg ha -1 (Companhia Nacional de Abastecimento -CONAB, 2015) .
Owing to current demands in Brazilian energy segment, sunflower crops are an alternative for the production of quality oil as biofuel and for human and animal food. Since it is more tolerant to droughts when compared to corn and sorghum, and due to the great adaptation capacity to different latitudes, longitudes and photoperiods, the cultivation of sunflower is a rotational and succession crop option in several producing regions. Although tolerant to droughts, its production may be severely affected in limited water availability Farias, 2005; Backes et al., 2008) .
Crop implantation within a determined region during the best period means, in the long run, exposure to better climate conditions, guaranteeing adequate growth and development to plants and higher productivity of achenes . In fact, the seeding period is fundamental for the success of sunflower crops since it is mainly a dependent variable to climatic characteristics of each region. The best seeding period is that which complies with the plant´s requirements in its different phases of development, reduces disease risks, especially after flowering, and warrants a good harvest .
Several studies have shown that seeding period and cultivars affect capitulum size and crop productivity (Cadorin et al., 2012; Heldwein et al., 2014) . Besides the seeding period, success in the establishment of sunflower cultivation also depends on the cultivars adapted to specific regions. Choice of cultivars is one of the main components of the production system and, due to the genotype x environment interaction, continuous assessments are required to determine the agronomic behavior of cultivars and their adaptation to different local conditions (Porto; Pinto, 2007) . Since there is scanty technical information on cultivars and seeding periods adapted for the local soil and climate conditions, current assay evaluates the performance of sunflower cultivars at different seeding periods in Central Brazil. Figure 1 shows rainfall rates during the experimental period, with 819.5 mm, complying with hydric demands of the crop since it requires an accumulated rainfall rate between 500 and 700 mm, regularly distributed throughout the cycle Farias, 2005) . The Table also demonstrates temperature registered during the period, with mean rates 30.6; 23.5 and 19.5 ºC respectively for maximum, mean and minimum temperatures.
MATERIAL AND METHODS
The texture characteristics of the soil at 0-0.20 m depth are 506, 134 and 360 g kg -1 , for clay, silt and sand, respectively. Its chemical characteristics comprise: pH Dalchiavon et al., 2015) (CaCl 2 ) = 5.0; MO = 35.8 g dm -3 ; P = 6.1 mg dm . Thinning occurred seven days after emergence (DAE) of the seedlings, with one plant per hole. Pests were generally controlled by constant monitoring, with applications of insecticides when required. Three fungicide applications were undertaken at 20, 35 and 50 DAS for prevention.
Further, 0.5 m was trimmed from each extremity of the plot and formed the usable area. Five plants within the usable area of the plot at R 5.5 (full flowering)
were measured for the variables plant height (PH, cm) and stem diameter (SD, mm). Plant population (PP, plants ha -1 ) was based on usable area of the plot at R 9 (physiological maturity). Height (HC, cm) and length of the capitulum or flower head (LC, cm) were determined in five plants in the usable area of the plot in R 9 . Further, 1,000 achenes were collected at random and weighed to calculate the mass of one thousand achenes (MA). The number of achenes per capitulum (NAC) was based on the mass of 1,000 achenes and the productivity of achenes (PA, kg ha -1 ) was calculated within the plot´s usable area posterior to the capitulum pathway and adjustment of achene humidity to 11% (humid basehb). Oil rate of achenes (ORA; %) was calculated with petroleum ether as solvent. Oil productivity (OP; kg ha -1 ) was calculated by oil rate and achene productivity, according Dalchiavon et al. (2015) and Dalchiavon, Malacarne and Carvalho (2016) .
Data underwent analysis of variance by F test; when significant, averages were compared by Scott-Knott test (p<0.05), with SISVAR (Ferreira, 2011) .
RESULTS AND DISCUSSION
Cultivars were statistically different for the evaluated vegetable and reproduction variables (Table 1) . Similarly, the seed sowing period changed the behavior of the vegetative and reproductive variables, with the exception of ORA. Cultivars´ response in some variables was different among the seed sowing periods. Moreover, PP, PH, HC and MA interacted. ns, *, ** not significant 5% probability and significant at 5% and 1% probability, respectively by F test. (Table 2) , the establishment of cultivars was highly sensitive to interferences of the environment. Consequently, the correct seeding period should be taken into account. In fact, the third period had the highest interferences on the variable PP due to rainfall intensity immediately after seeding, followed by a long drought period with surface sealing which hindered the emergence of plantlets (Figure 1 ). Smallest PP during the third period was reported for cultivar Aguará 04, whereas no changes in the final plant population occurred during the first and fifth periods. Cultivar HELIO 251 decreased PP for the second and third periods (Table 2) , coupled to a great number of broken plants and fallen capitulum during the physiological maturation phase (R 9 ), perhaps due to a lower resistance of the stem already referred to by Mello et al. (2006) who associated this phenomenon to a period with better conditions for the occurrence of Alternaria spots. Contrastingly, PP of cultivars Aguará 06, MG 305, CF 101, SYN 3950HO and GNZ NEON was not changed during the seeding period, favoring adequate establishment and demonstrating a longer seeding period for the cultivar analyzed without the occurrence of a negative effect on PP.
Plant height ranged between 135.13 and 205.47 cm, with an average of 170.24 cm (Table 2 ). Mean rate was higher than 149.00 cm reported by Mello et al. (2006) in the region of Santa Maria, state Rio Grande do Sul, Brazil, when they researched the phenological and productive characteristics of sunflower hybrids cultivated at different seed sowing periods. On average, the cultivar GNZ NEON was the longest (188.88 cm) and CF 101 was shortest at all seeding periods, averaging 142.11 cm. Cultivars MG 305, SYN 045, GNZ NEON and HELIO 251 revealed differences in PH when seeded at different periods. Although a short height may decrease loss in the harvest, it may enhance cultivation features during the vegetative development. Since decrease in height did not occur gradually as the seed sowing period progressed, this fact disagreed with that reported by Capone et al. (2012) when they analyzed seed sowing periods in the state of Tocantin, Brazil, between March and May. There was no co-relationship between PH and PP, confirmed by Backes et al. (2008) in their research on the adaptation of sunflower cultivars seeded during two periods of the second harvest in the northern plateau of the state of Santa Catarina, Brazil.
Stem diameter (SD) of sunflower plants averaged 23.96 mm (Table 3) , higher than that obtained by Dalchiavon et al. (2015) , or rather, 17.30 mm, when they investigated sunflower cultivate in state of Mato Grosso, Brazil. Significant differences were reported when the cultivars were compared, disagreeing with report by Backes et al. (2008) who failed to detect any differences between cultivars for SD. GNZ NEON had the biggest diameter (27.12 mm), followed by HELIO 251, with 25.62 mm. As registered by Backes et al. (2008) no co-relationship existed between PP and SD, since Helio 251, with the smallest PP during three periods, did not have a smaller SD. The lowest rate occurred in the fifth period when SD was analyzed according to seed sowing periods (Table 4 ). The variable alone may not be related to PA, since the third and the fourth periods were the least productive.
Similar to what has been reported for PH, cultivar CF 101 had the lowest HC in all seed sowing periods analyzed ( Table 2 ). The above demonstrated that, similar to SYN 3950HO, there was no difference between seed sowing periods tested for the cultivar under analysis. On the other hand, Aguará 06 differed among all cultivars at all seed sowing periods. In fact, it had the highest HC rate regardless of the period. The plant´s reduced size may have been advantageous due to low susceptibility to lodging and facility in cultivation treatments. As described by Pivetta et al. (2012) , HC is a relevant characteristic in mechanized agriculture. In fact, a more uniform crop favors an adequate harvest, without losses. Cultivars SYN 045 and GNZ NEON had the highest MA rates in all seed sowing periods analyzed (Table 5 ). Since the same cultivars had the highest PA, this fact was in disagreement with Heldwein et al. (2014) who concluded that MA was less important for PA (Table 6 ) than the length of the capitulum (LC). Cultivars SYN 3950HO and HELIO 251 in the first period, Aguará 04 in the third period and MG 305 in the fourth period also had high MA, whereas cultivars Aguará 06, CF 101, SYN 3950HO, GNZ NEON and HELIO 251 failed to show any changes of rates during the different periods of seed sowing. General average for the variable was 37.15 g, which was higher than that reported by Capone et al. (2012) , or rather, 34.62 g, in their work with five succession cultivars to soybean in the state of Tocantins, Brazil, and lower than the average 52.03 g obtained by Silva et al. (2011) capitulum, whereas cultivars CF 101, SYN 3950HO and SYN 045 produced the smallest. Since cultivars SYN 045 and GNZ NEON had the biggest PA and their LC was below the general average of the cultivars (15.83 cm), LC has no direct relationship with PA (Table 6) , against Heldwein et al. (2014) . However, the rate (15.83 cm) coincided with that given by Mello et al. (2006) who reported rates between 12.90 and 20.00 cm. In fact, LC may be taken as an index for the evaluation of sunflower plant development, very similar to PA, even though, in stress conditions, PA may decrease in spite of cultivations revealing well-developed capitulum Farias, 2005) . Cultivars Aguará 06, Aguará 04, CF 101 and HELIO 251 had the highest number of achenes per capitulum (NAC), between 978 and 1,069 (Table 3 ). Cultivar Aguará 04 had the highest NAC (1,069) coupled to the biggest LC (Table 3 ) even though such relationship was not positive for the other cultivars. It seems that cultivars do not have a strict trend between NAC and LC, although Pivetta et al. (2012) in their studies on six sunflower cultivars in Palotina PR Brazil, have shown a positive co-relationship between these variables. This fact was not corroborated by current analysis. The general average among cultivars for NAC was 944, or rather, within the range reported by Silva et al. (2011) , with rates between 487 and 1,543, in Augusto Pestana, state Rio Grande do Sul, Brazil.
The first, second and third seed sowing periods had the highest LC rates and the highest for NAC to the detriment of the fourth and fifth periods (Table 4) . As a rule, late periods seem to present capitulum averaging 10% smaller, with 9% less achenes per capitulum. The above corroborates data given by Capone et al. (2012) who related this fact to rainfall decrease.
Cultivars SYN 045 (1,444.77 kg ha -1 ) and GNZ NEON (1,537.77 kg ha -1 ) provided the highest PA rates (Table 6) , whereas Aguará 06 and MG 305 had the smallest, with less than 1,169.82 kg ha -1 . The cultivar with the highest PA rate (GNZ NEON) exceeded by 42% that of Aguará 06 (1,083.09 kg ha -1 ) which was the less productive, but 5% higher than PA reported by Pivetta et al. (2012) Conab, 2015) . Cultivars were also different with regard to ORA, with GNZ NEON and HELIO 251, evidencing the lowest rates, provided rates lower than 38.79% (Table 6) . ORA required by the industry should be above 40% since, according to Oliveira, Castiglioni and Carvalho (2005) , the industries provide bonuses to farmers if cultivars have higher rates. In fact, the higher the bonus, the greater is the producers´ preference for cultivars with high ORA and good PA.
On the other hand, cultivar SYN3950HO had the highest ORA, exceeding GNZ NEON by 15.3%. According to Table 1 , there was no difference for the variable when the seed sowing periods were compared (rates of 41.40 and 41.95% respectively for the first and fifth periods), in contrast to report by Thomaz et al. (2012) who registered decrease in ORA as sowing periods were reached, when, as a rule, water availability diminished, and to Castro and Farias (2005) ), its performance in OP was satisfactory, or rather, 533.86 kg ha -1 (Table 6 ), due to the fact that the cultivar had the best ORA results. Therefore, the choice of the cultivar by the farmer should be based on the commercialization policy of sunflower industries when a cultivar is higher in only one evaluated characteristic .
Highest PA rate occurred during the first period (Table 7) , whilst the third and fourth periods provided the lowest rates, probably due to the occurrence of the Alternaria leaf spot (Alternaria helianthi), which, coupled to the white mold (Sclerotinia sclerotiorum), is the most severe to the sunflower cultivation in the region. The Alternaria leaf spot becomes more severe in high temperatures and humidity. The choice of the sowing period is critical to decrease damages. Sowing periods in which inflorescence coincides with periods of intense rainfall should be avoided . Due to decrease in rainfall and reduction of diseases, the fifth period recovered production potential and made possible a higher PA than in the previous periods, without differing from the second period. Current analysis did not evaluated resistance to diseases but reported on the Alternaria leaf spot during all the sowing periods. Highest intensity occurred during the third and fourth periods, especially during the flowering and achene filling periods.
As reported by Backes et al. (2008) , Cadorin et al. (2012) , Capone et al. (2012) and Thomaz et al. (2012) and regardless of the cultivation region, a decrease in PA occurred with the delay of sunflower seed sowing. Consequently, the difference between the first and fourth periods was 405.64 kg ha -1 (Table 7) or rather, the first period produced 37.19% more achenes than during the fourth one. In the case of ORA, the first and fifth sowing periods had the best results. The difference between the first and fourth periods was 167.23 kg ha -1 , or a 36.99% gain on the first period. 
CONCLUSIONS
Cultivars GNZ NEON and SYN 045 provide the highest production rates in achenes, with higher value in favor of GNZ NEON. SYN 3950HO (this with higher value), CF101, MG 305, SYN 045 and Aguará 04 gets the highest oil rates in the achenes, with SYN 045, GNZ NEON, Aguará 04, CF101 and SYN 3950HO with the highest oil production. The first seed sowing period is the most productive and the first and fifth periods have the best results for oil productivity. Cultivar GNZ NEON and the first period exceede the others with regard to vegetative and reproductive variables.
